Kedzior: Co-occurrence pattern of ground beetle (Coleoptera, Carabidae) Abstract. Co-occurrence pattern is a good indicator of environmental changes, being a consequence of human industrial activity. A good model of co-occurrence mechanisms is the degree of species ordering in the assemblage, which indicates the existence of interspecific interactions such as competition for available resources. The aim of the study was to assess the co-occurrence of ground beetles as a parameter evaluating the effectiveness of ecosystem restoration processes in postindustrial areas. In addition, the distribution of the beetles' body size pattern in the environmental types was assessed.
Introduction
Environmental monitoring of postindustrial areas is one of the most important tools for assessing the state of disturbed environment. Very often is also used to assess the effect of restoration practices, which are most often the effect of recultivation techniques or, less often, the effect of spontaneous succession (Hadcova and Prach, 2003; Frouz et al., 2008) . The use of bioindicators to study the rate and efficiency of regeneration of disturbed environments help to restoration advances and allow a reliable diagnosis about the course of environmental changes (Hedde et al., 2012; Pedley and Dolman, 2014) .
Among the large group of environmental bioindicators, restoration ecologists often use beetles from the family Carabidae (Coleoptera), which play an important role in nutrient cycling and in the establishment of appropriate food webs (Koivula, 2011; Ribas et al., 2012; Skalski et al., 2015; Skłodowski, 2017a) . Moreover, they often indicate the overall quality of the ecosystem in which they occur (Kędzior et al., 2017) . Ground beetles have many features of good indicator organisms, they are abundant in each terrestrial ecosystems and what's more they are functionally various group with narrow ecological ranges and high sensitivity to environmental changes (Rainio and Niemelä, 2003) . They also can respond more quickly and rapidly to environmental change than other organisms (Pais and Varanda, 2010) . In addition, their ecology and systematics is well known and field survey is quite simple as well as successional patterns has been shown detaily in naturally regenerated ecosystems (Hodecek et al., 2015; Skłodowski, 2017b Based on the assemblage parameters (abundance, species richness, species diversity indices) of ground beetles, it is possible to assess the state of the environment and indicate the effects of restoration practices (Kędzior et al., 2014 (Kędzior et al., , 2017 . In addition, the functional parameters of these insects are also increasingly being analyzed (body size, dispersion power, food preferences, developmental type). Occurrence of species with specific life traits parameters accurately characterizes the condition of the ecosystem (Kosewska, et al., 2014; Pedley and Dolman, 2014; Skalski et al., 2016) . For example the analysis of dispersal power and the body size allows to determine the possibilities of adaptation or recolonization, while food preferences indicate the availability of food resources and food specialization in the environment (Lövei and Sunderland, 1996) .
We should also regard about inter-specific relations in ground beetle assemblages that vary in natural and disturbed ecosystems (Skalski et al., 2010 (Skalski et al., , 2011 . Species traits and habitat parameters (capacity rules) as well as species interactions (allocation rules) seems to be the most important factors determining assemblages (Brown, 1987) . Null models have been often used to investigate patterns in species distributions and co-occurrences (Gotelli, 2000; Gotelli and Ellison, 2002; Sanders et al., 2007) . The species structure of Carabidae in undisturbed systems usually depends on many factors. These organisms as epigeic fauna depend strongly on soil parameters (physico-chemical parameters) that determine the habitat, but also on the nutrient resources available in the environment and interspecies relationships, such as competition (Thiele, 1977) .
In the undisturbed environment, the occurring species have ordered pattern of distribution in which trophic relations and the degree of competition for available resources are defined (Stone and Roberts, 1990) . However, when a disturbance occurs in the environment, the reaction of organisms is visible as species exchange. Species with high ecological sensitivity are eliminated from the ecosystem, while the proportion of species with broad ecological range increases. The ecological systems created in this way are disturbed, and the occurrence of certain species indicates the randomness, where interspecific relations are weak (Sanders et al., 2007) . This phenomenon leads to unification and deterioration of the functionality of the entire ecosystem. Therefore, the analysis of the species co-occurrence of ground beetles can be an excellent tool indicating the level of disturbances and the possibility of restoration of interspecies interactions, which are important for the functioning of the entire ecosystem.
The aim of the study was to assess the co-occurrence pattern and body size distribution of Carabidae species as a parameters evaluating the effectiveness of ecosystem restoration processes in post-industrial areas. The following research hypotheses were tested: (I) in the recultivated habitats random species distribution of ground beetles assemblages occurs, and high proportion of small-sized species with low competitive properties should be expetced; (II) in areas regenerating spontaneously, the co-occurrence pattern of assemblages take the form of ordered systems remaining relations as in undisturbed ecosystems and proportion of forest carabid specialists increases.
Materials and Methods

Study sites
The study was conducted in post-industrial areas of Southern Poland in the vicinity of Krakow (Fig. 1) , where two recultivated (Rec) (50º09' N, 19º25' E and 49º58' N, 19º46' E) and two spontaneously regenerated dumps (Suc) (50º13' N, 19º27' E and 50º10' N, 19º27' E) were selected. Two forest areas regarded as reference areas (Ref) 
Carabid sampling
The ground beetles were collected using pitfall traps arranged in 45 transects. A single transect consisted of 5 Barber traps (plastic cups with a diameter of 7 cm and a height of 10 cm, buried evenly with the surface of the earth, filled in 1/3 with ethylene glycol) arranged linearly at intervals of 10 meters. In each research area, depending on its area size and heterogenity, in order to avoid edge effect and spatial autocorrelation (SAM software v 4.0, Moran's I = 0.072, p=0.48), the distance between transects varied from 200 m to 50 km (Kędzior et al., 2017) . In total 10-20 replicates of transects per restoring habitat type were chosen. There were ten replicates of transects in three dumps which were heterogenous and large enough (minimum distance between transects should be 200m). In one afforested landfill and two reference forest which were visibly homogenous we decided to apply five replicates of transects. The abundances were calculated as mean abundance per pitfall trap row (transect). Beetle samples were collected four times in the growing season from May to June and from September to mid-October in 2013 and 2015. For the summer period (because of low activity of Collected individuals were identified to the species level using Hurka key (1996). The average body size was determined for each species from data available in the Carabidae keys (Hurka, 1996) .
Data analysis
For each habitat type (Ref -reference, Rec -recultivation and Suc -spontaneous succession) the co-ocurrence pattern was analyzed by Stone and Roberts (1990) C-score formula:
where ri -row total for species i; rj -row total for species j; S -number of sites that contain both species (i and j) (Heino, 2009 ). Among the available indices of cooccurrence estimation, C -score index is the most recommended as indicating pattern of distribution (randomness or nestedness (Gotelli, 2000) . The data used in analyses were prepared in a presence-absence matrix with species (rows) by sites (n=45). C-score provided a measure of co-occurence within the matrices. The C-score was calculated for each habitat type (Ref, Suc and Rec), measuring the average pairwise species cooccurrence and if assemblages are structured by competition the C-score should be larger than expected by chance (EcoSim software, Gotelli and Entsminger, 2001 ). The histogram of 10000 C-scores from fixed-fixed null model was used to test variety of ecological processes. In the fixed-fixed null model the row and column sums are fixed in the null community. For example each random postindustrial site contained the same number of species as the original site and each species occurred in the same frequency as in the original assemblages (Gotelli and Ellison, 2002) . In that way the number of species and species occurrences are the same as the observed community. In order to determine the dependence of competitors among ground beetle species, the distribution of body size in habitat types was examined. To determine if there are differences in body size distribution depending on restoration practice, modified Lorenz curves (Ulrich et al., 2008) , skewness and kurtosis ratios for each habitat type were developed (Magura et al., 2006) . The significance of skewness and kurtosis among habitat variables was calculated by ANOVA (StatSoft, 2012) . To analyze the similarities between the ground beetle species a hierarchical cluster analysis was carried out using PAST v. 3.19 (Hammer et al., 2001) , with Euclidian distance as distance measure and agglomeration according to Ward. The abundance values of the species at the respective habitat type (Ref, Suc and Rec) were used. The strength of the nodes was tested by bootstrapping analysis (1999 re-samplings). Bootstrap proportions (percentage of replicates where the node is still supported) of ≥70% correspond to a probability of ≥95% that the respective clade is correct (Hillis and Bull, 1993) .
Results
During collecting time 2036 individuals belonging to 36 carabid species were caught. The C-score values indicated significant differences in the co-occurrence pattern in carabid assemblages among three environmental types (Ref, Suc and Rec) ( Table 1) . In reference areas (Ref) the co-occurrence pattern showed a non-random pattern, the mean simulated C-score value was significantly lower than the value generated for the (Fig. 2, Table 1) . A similar pattern of coexistence was noted in the postindustrial areas regenerating spontaneously (Suc). As in the reference areas, mean simulated values of C-score were significantly lower compared to the value of observed C-score (Fig. 2, Table 1 ). Such a result indicates the existence of strong interspecies interactions, such as competition, characterizing undisturbed systems. A different pattern of species coexistence was noted only for regenerating (Rec). The simulated C-score did not differ significantly from the generated mean random occurrence (Fig. 2, Table 1 ). Body size distributions of ground beetle assemblages analysed according to the modified Lorenz curves showed strong variation depending on the type of environment (Fig. 3) . Higher proportion of large and medium-sized body species were found in reference assemblages (Fig. 3a) , while in spontaneously regenerating (Fig. 3b) and recultivated (Fig. 3c) assemblages, a higher proportion of small and medium sized species was observed.
Comparing all of the habitat types, the greater similarity in the distributions of the modified Lorenz curves to the reference areas was noted for assemblages reclaiming as a result of natural processes. A clear habitat type variation in body size distributions was also noted in the skewness and kurtosis indicators ( Table 2 ). Skewness and kurtosis were significantly the highest in the recultivated areas and the lowest in the reference forests (Fig. 4) . 
. Modified Lorenz curves of the body size distribution of ground beetles in reference forests (a), dumps with spontaneous succession (b), and recultivated dumps (c) (dotted line-the intervals of probability, smooth line -the assumption of the data distribution and broken linethe strict relation between variables)
. Mean (±S.E.) skeweness and kurtosis coefficients for the ground beetle assemblages in studied sites (Ref-reference forest, Rec-recultivated dump, Suc-dump in succession)
The species from recultivated dumps (Fig. 5, Rec) clearly divided only Harpalus rufipes (group A) from the rest of species (B) which are highly aggregated. Stronger segregation between species is visible on dump in succession (Fig. 5, Suc) . Three groups of species were distinguished. The first cluster (A) is occupied by one speciesCalathus erratus, typical for disturbed areas. The second cluster (B) consist of a large (Fig. 5, Ref) .
Figure 5. Cluster analysis of the results based on Euclidian distance as distance measure and agglomeration according to Ward for recultiaveted, (Rec), spontaneously successed (Suc) and reference areas (Ref). Numbers indicate the percentage of replicates where each node is still supported
The first cluster includes species with broad ecological ranges, which are mostly open area invaders. On the other hand, the second and third cluster (B and C) mainly includes species that prefer forest habitats, and a large distance indicates the occurrence of interspecies interactions between these species, e.g. competition. The average Euclidean distance between species in particular habitat type, reflecting the niche overlap indicate the gradient of species coexistence, from the highest on reference sites to the lowest in recultivated habitats (Fig. 6) . In all the cases the differences between means were significant.
Figure 6. Mean niche overlap of ground beetle species based on Euclidian distance as distance measure and agglomeration according to Ward for reference areas (Ref), with spontaneous succession (Suc) and recultivation practice (Rec). Significance (Mann-Whitney U test) differences are marked by appropriate letter
Discussion
There are many adverse changes in industrial areas. They can refer to many different aspects, for example chemical pollution of soils, water or air. The impact of industrial human activity interferes also with the land forms by deforming the earth's surface or forming new elements such as excavations and dumps. Degradation of existing habitats and the creation of new systems with severely disturbed environmental parameters is often the cause of the elimination of many species of native plants and animals as well as the general decline in biodiversity (Vandewalle et al., 2010) . The rate of recolonization in such environments is often very difficult to define and depends on many factors (habitat parameters, availability of resources, species richness of adjacent areas) and the types of undertaken restoration practices ( In order to assess or monitor the rate and effectiveness of regeneration processes in such areas, indicators should be applied that would accurately reflect this process. In presented paper, ground beetles (Coleoptera, Carabidae) were used as bioindicators for assessing the rate and efficiency of ecosystem restoration in postindustrial areas. The co-occurrence pattern of assemblages was analyzed in two types of restoring environment (recultivation and spontaneous processes) and in reference forest. The results showed that co-occurrence pattern of species in assemblages in relation to ecosystem regeneration is very good indicator of restoration practices (Fig. 2) . If the distribution of species in space and time is characterized by randomness, it indicates an imbalance in the assemblages where the interspecific interactions are disturbed. It may (Fig. 2, Rec) . If, on the other hand, the cooccurrence of species in assemblage is ordered, and there are many interspecies interactions such as competition or exclusions, it is a good indicator of environment stability (Fig. 2, Suc) . The values of the C-score index indicate that regeneration of post-industrial areas through spontaneous natural processes is more successive in comparison to the areas where tree plantation are replanted ( Table 1) . In recultivated areas, even after 20 years, the co-occurrence pattern of ground beetles is still characterized by random distribution, which clearly indicates the presence of abnormal ecological processes (Fig. 2) . However, in areas that restoring spontaneously, the co-occurrence of carabids has an ordered pattern (Fig.2) . According to many authors, spontaneous processes are more beneficial to restore the diversity and richness of species, which may be the cause of greater habitat heterogeneity of regenerating habitats, compared to homogeneous structures in recultivated areas (Hadcova and Prach, 2003; Frouz et al., 2008; Kędzior et al., 2017) . In addition, in the areas of spontaneous regeneration the complexity of various trophic level occurs (Tropek et al., 2010) . During such succession, there is a change in assemblage composition towards the increase of the proportion of species requiring stable environmental conditions (Schwerk, 2014; Hodecek et al., 2015) . These species with large body sizes and low dispersal power, as a group (consisting predominantly of predators) plays an important role in the functioning of ecosystems (so-called environmental specialists) (Skłodowski, 2009) .
Examining body size distributions and the similarity of species composition in each of the three types of habitats (Ref, Suc and Rec) a variation in successional changes of carabid assemblages was noticed. In undisturbed reference forest areas, the proportion of species with the largest body sizes is visible, which are clearly distinguished in cluster analysis (Fig. 5) . They are mainly species of genus Carabus and Pterostichus. They belong to the group of environmental specialists indicating forest habitat stability (Szyszko, 1983) . Comparing the assemblages of reference (Ref) and recultivated (Rec) areas, the proportion of these species is negligible, and the distribution of clusters and distances between these species indicate that they probably are distributed accidentally (Fig. 5) . The main explanation of random distribution of predator assemblages in longterm disturbed habitat conditions is linked with the impoverishment suitable food base for these species (Skalski et al., 2016; Kędzior et al., 2017) . The result showed also that in recultivated areas species with broad ecological ranges and small size of the body were identifed (Fig. 4, Table 2 ). These species (e.g. mainly Pseudophonus rufipes, Calathus erratus) can quickly adapt to the unstable environment, and because of this they belong usually to pioneer fauna (Schwerk, 2014; Kędzior et al. 2014 ). Moreover they feed on broad variety of food, from plant dead tissues to predation, and are the competitive dominant species in recultivated areas (Schwerk, 2014) . While in reference forest occurs only occasionally (Kędzior et. al., 2017) .
The aim of the study was also to explore the body size distribution of the ground beetles (Coleoptera, Carabidae) assemblages in areas characterized by various restoration processes. The distributions of the modified Lorenz curves, mean skewness and kurtosis coefficients showed differences between habitat type (Figs. 3 and 4) . The proportion of large sized species in spontaneously regenerated habitats was small, but in cluster analysis separated them significantly from the rest of species in assemblage (Fig.  5) . This pattern was completely differed in recultivated areas. The mean niche overlap in recultivated ecosystem was significantly lower than in spontaneously regenerated (Fig. 6) . It reflects the process of random species recolonization in unfavourable habitats (Gotelli and Ellison, 2002; Skalski et al., 2010) . Considerations on bioindicative methods for assessing the effectiveness and rate of restoration of the postindustrial ecsosystems were carried out by many researchers in variety ranges and using a variety of indicator organisms (Frouz et al., 2008; Hedde et al., 2012; Kędzior et al., 2014) . As it is shown in these studies ground beetles are a good model group to define changes in the environment (Rainio and Niemelä, 2003; Koivula, 2011; Skalski et al., 2011) . Examining the co-occurrence pattern and body size distribution of beetles, it is possible to assess the effects of regeneration methods and asses the best restoration procedure in postindustrial areas.
Conclusions
The co-occurrence pattern of ground beetle assemblages clearly assess the restoration success in postindustrial areas. Carabids from recultivated areas (Rec) showed a random pattern of co-occurrence, as an effect of high extinction rate reflecting high disturbance level. Whereas assemblages from reference areas (Ref) as well as spontaneously regenerated (Suc) showed a significant segregation pattern.
Recultivated areas were dominated by small sized species having high adaptive abilities and high ecological plasticity (Harpalus rufipes, Catalthus erratus). In areas with spontaneous succession, an increase in the proportion of large sized species was observed. My results suggest that co-occurrence pattern of ground beetle assemblages can be useful for restoration practice in postindustrial areas.
Recultivation techniques of postindustrial dumps without proper soil reclamation, inhibit the natural processes of ecosystem recovery. Postindustrial landscape planning schemes should include soil properties of biotic elements to obtain well functioning ecosystem.
